Am29C327 


Double-Precisison Floating-Point Processor 


ADVANCE INFORMATION 


DISTINCTIVE CHARACTERISTICS 


High-performance double-precision floating-point pro- 
cessor 

Comprehensive floating-point and integer instruction 
sets 

Single VLSI device performs single-, double-, and 
mixed-precision operations 

Performs conversions between precisions and between 
data formats 

Compatible with industry-standard floating-point formats 


© Exact IEEE compliance for denormalized numbers with 
no speed penalty 

© Eight-deep register file for intermediate results and on- 
chip 64-bit data path facilitates compound operations; 
e.g., Newton-Raphson division, sum-of-products, and 
transcendentals 
Supports pipelined or flow-through operation 
Fabricated with Advanced Micro Devices’ 1.2 micron 
CMOS process 


- IEEE 754 format 
- DEC F, DEC D, and DEC G formats 
- IBM system/370 format 
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GENERAL DESCRIPTION 


The Am29C327 double-precision floating-point processor is a 
single VLSI device that implements an extensive floating-point 
and integer instruction set, and can perform single-, double- or 
mixed-precision operations. The three most popular floating- 
point formats-|IEEE, DEC, and IBM-are supported. IEEE 
operations comply with Standard 754, with direct implementa- 
tion of special features such as gradual underflow and trap 
handling. 


The Am29C327 consists of a 64-bit ALU, a 64-bit datapath, 
and a control unit. The ALU has three data input ports, and 
can perform compound operations of the form (A * B) +C. 
The data path comprises two 64-bit input operand registers, 
an 8-by-64-bit register file for storage of intermediate results, 
three operand-selection multiplexers that provide for orthogo- 


nal selection of input operands, a 64-bit output register, and an 
output multiplexer that allows access to the 32 MSBs or 32 
LSBs of the result data. Control signals determine the opera- 
tion to be performed, the source of operands, operand 
precision, rounding mode, and other aspects of device opera- 
tion. 


Operations can be performed in either of two modes: flow- 
through or pipelined. In the flow-through mode, the ALU is 
completely combinatorial; this mode is best suited for scalar 
operations. Pipelined mode divides the ALU into one or two 
pipelined stages, for use in vector operations, as often found 
in graphics or signal processing. 


Fabricated with AMD's 1.2 micron technology, the Am29C327 
is housed in a 169-lead pin-grid-array (PGA) package. 





This document contains information on a product under development at Advanced Micro Devices, Inc. The information is intended to 
help you to evaluate this product. AMD reserves the right to change or discontinue work 3 this proposed product without notice. 


RELATED AMD PRODUCTS 


[part Wo. | ___ Description 
Am29C10A | CMOS Microprogram Controller 


Am29C116 CMOS Minimum Power 16-Bit 
Microprocessor 

Am29C117 CMOS Two-Port 16-Bit 
Microprocessor 

Am29PL141]| Field-Programmable Controller (FPC) 

Am29C323 | CMOS 32-Bit Parallel Multiplier 


Am29C325 CMOS 32-Bit Floating-Point 
Processor 

Am29C331 CMOS 16-Bit Microprogram 
Sequencer 


Am29C332 | CMOS 32-Bit Arithmetic Logic Unit 


Am2g9c334 | CMOS Four-Port Dual-Access 
Register File 


CONNECTION DIAGRAM 
169-Lead PGA* 
Bottom View 
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*Pinout observed from pin side of package. 
**Alignment pin (not connected internally). 
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LOGIC SYMBOL 


OES 
RFSELg -RFSEL2 


PSELg-PSEL3 
QSELg-QSELg 


TSELg-TSEL 3 

FSEL 

loty3 

RM 9 -RMo 
LAVE 


LS003080 


ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is formed by 
acombination of: a. Device Number 

b. Speed Option (if applicable) 

c. Package Type 

d. Temperature Range 

e. Optional Processing 


AM29C327 G 


B 
—— == . OPTIONAL PROCESSING 


Blank = Standard processing 
B = Burn-in 


. TEMPERATURE RANGE 
C =Commercial (0 to + 70°C) 


. PACKAGE TYPE 
G = 169-Terminal Pin Grid Array (CGX169) 


. SPEED OPTION 
Not Applicable 


a. DEVICE NUMBER/DESCRIPTION 
Am29C327 
Double-Precision Floating-Point Processor 


Valid Combinations 


AM29C327 GC, GCB Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations, to check on newly released combinations, and 
to obtain additional data on AMD's standard military grade 
products. 





PIN DESCRIPTION 


CLK Clock (Input) 
Clock input to all registers. 


ENF F Register Enable (Input: Active LOW) 

When ENF is HIGH, the contents of the F register are static. 
When ENF is LOW, the ALU output data is clocked into the 
F register on the next LOW-to-HIGH transition of CLK. Note 
that the F register can be made transparent by setting the 
mode register bit M17 HIGH (as described in the Mode 
Register Description section); when the F register is 
transparent, ENF has no effect. 


ENI Instruction Register Enable (Input; Active LOW) 
When ENI is LOW, an instruction word is clocked into the 
instruction register on the next LOW-to-HIGH transition of 
CLK. The instruction word comprises the following fields: P, 
Q, and T-multiplexer control inputs, rounding modes, ALU 
instruction inputs, and the precision of the output operand. 


ENR-_ R Register Enable (Input; Active LOW) 

When ENR is HIGH, the contents of the R register are static. 
When ENR is LOW, new data is loaded into the R register 
on the next LOW-to-HIGH transition of CLK. 

ENRF Register File Enable (Input; Active LOW) 
When ENRPF is HIGH, the contents of the register file are 
static. When ENRF is LOW, the ALU output operand is 
clocked into the register file on the next LOW-to-HIGH 
transition of CLK. 

ENS_ S Register Enable (Input; Active LOW) 

When ENS is HIGH, the contents of the S register are static. 
When ENS is LOW, new data is loaded into the S register on 
the next LOW-to-HIGH transition of CLK. 

Fo-F31 F Output Bus (Output) 

FLAG,-FLAGg Flag Outputs (Output) 

The six flag outputs report the status of the last operation 
executed. 

FSEL Output Multiplexer Control (Input) 

When FSEL is HIGH, the most significant 32 bits of the 
output register are connected to the output driver. When 
FSEL is LOW, the least significant 32 bits of the output 
register are connected to the output driver. 

lo-143 ALU Instruction Inputs (Input) 
lo-—|43 select the operation to be performed by the ALU. 

MSERR- Master/Slave Error Flag (Output) 

A HIGH level indicates a master/slave error on the current 
output. 


FUNCTIONAL DESCRIPTION 


Overview 


The Am29C327 is a high-performance, single-chip, double- 
precision floating-point processor. 


Architecture 


The Am29C327 comprises a high-speed ALU, a 64-bit data 
path, and control circuitry. 


The core of the Am29C327 is a 64-bit floating-point/integer 
ALU. This ALU takes operands from three 64-bit input ports 
and performs the selected operation, placing the result on a 
64-bit output port. Thirteen ALU flags report operation status 
via the 7-bit Flag port. The ALU is completely combinatorial for 


OEF F Output Bus Enable (Input; Active LOW) 
When OEF is HIGH, signals Fo—F31 assume a high- 
impedance state. When OEF is LOW (and SLAVE is HIGH), 
the output of the F multiplexer is placed on Fo -F3}. 


OES Flag Output Enable (Input) 
When OES is HIGH, outputs SIGN and FLAG, through 
FLAG. assume a high-impedance state. When OES is LOW 
(and SLAVE is HIGH), these signals are enabled. 


PSELo-PSEL3 P-Multiplexer Control Inputs (Input) 
PSELg-PSELg3 select the data input to the ALU P-port. 


QSEL9-QSEL3 Q-Multiplexer Control Inputs (Input) 
QSELo - QSELg select the data input to the ALU Q-port. 


Ro-R31 R Input Bus (Input) 


RFSELg-RFSEL2 Register File Select (Input) 
RFSELg-RFSEL2 select the register file location 
(RFo — RF7) to which the ALU result is to be written. Data is 
written to the register file if ENRF is LOW. 


RMo-RM2 Round Mode Control Inputs (Input) 
The Am29C327 supports six rounding modes. RMo - RMa 
select the rounding mode to be applied to the current 
operation. 


So-S31 S Input Bus (input) 


S/DF F Output Single/Double Control (Input) 
When S/DF is HIGH, the ALU generates a single-precision 
result. When S/DF is LOW, the ALU generates a double- 
precision result. 


S/DR_R Input Single/Double Contro! (Input) 
When S/DR is HIGH, the data loaded into the R-port is 
treated as single precision. When S/DR is LOW, the data 
loaded into the R register is treated as double precision. 


S$/DS__ S$ Input Single/Double Control (Input) 
When S/DS is HIGH, the data loaded into the S-port is 
treated as single precision. When S/DS is LOW, the data 
loaded into the S register is treated as double precision. 


SIGN Sign Flag (Output) 
If the final result of the last operation was negative, SIGN is 
HIGH. If the final result of the last operation was not 
negative, SIGN is LOW. 


SLAVE Master/Slave Mode Select (Input) 
When SLAVE is LOW, SLAVE mode is selected. In this 
mode, all outputs except MSERR are disabled. When 
SLAVE is HIGH, MASTER mode is selected. 


TSELp-TSEL3 T-Multiplexer Control Inputs (Input) 
TSELp - TSELg select the data input to the ALU T-port. 


reduced latency; optional pipelining is available to boost 
throughput for array operations. 


The data path consists of the 32-bit input buses R and S; two 
64-bit input operand registers; an 8-by-64-bit register file for 
storage of intermediate results; three operand-selection multi- 
plexers that provide for orthogonal selection of input oper- 
ands; a 64-bit output register; and an output multiplexer that 
permits the selection of 32 MSBs, or 32 LSBs of data. Input 
operands enter the processor through the R and S buses, and 
are then demultiplexed and buffered for subsequent storage in 
registers R and S. The operand selection multiplexers route 
the operands to the ALU. Operation results are stored in 
register F, and leave the device on the 32-bit output bus F. 
The results can also be stored in the register file for use in 
subsequent operations. 











Instruction Set 


The Am29C327 implements 58 arithmetic and logical instruc- 
tions. Thirty-five instructions operate on floating-point num- 
bers; these instructions fall into the following categories: 
@ Addition/subtraction 

Multiplication 

Multiplication-accumulation 

Comparison 

Selecting the larger or smaller of two numbers 
Rounding to integral value 

Absolute value, negation 

Reciprocal seed generation 

Conversion between any of the supported floating-point 
formats 

Conversion of a floating-point number to an integer format, 
with or without a scale factor 

e@ Pass operand 


By concatenating these operations, the user can also perform 
division, square-root extraction, polynomial evaluation, and 
other functions not implemented directly. 


Twenty-two instructions operate on integers, and belong to the 
following general categories: 

e@ Addition/subtraction 

Multiplication 

Comparison 

Selecting the smaller or larger of two numbers 
Absolute value, negation, pass operand 


0e008 





© Logical operations; e.g., AND, OR, XOR, NOT 

@ Arithmetic, logical, and funnel shifts 

© Conversion between single- and double-precision integer 
formats 

@ Conversion of an integer number to a floating-point format, 
with or without a scale factor 


One special instruction is provided to move data. 
Mixed-Precision Operations 


All Am29C327 instructions, floating-point or integer, can be 
performed with either single- or double-precision operands. In 
addition, the user can elect to mix precisions within an 
operation. All operations are performed in double-precision 
internally; the user specifies the precisions of the input 
operands and the required precision for the output operand. 
The necessary precision conversions are made in concert with 
the selected operation, with no additional cycle-time over- 
head. 


1/O Modes 


The Am29C327 supports eight |/O modes that afford flexible 
interface to a variety of 32- and 64-bit systems. 


Fault Detection Features 


The Am29C327 contains special comparison hardware to 
allow the operation of two processors in parallel, with one 
processor (the slave) checking the results produced by the 
other (the master). This feature is of particular importance in 
the design of high-reliability systems. 
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Block Diagram Description 


A block diagram of the Am29C327 is shown in Figure 1. The 
Am29C327 comprises input registers, operand selection multi- 
plexers, instruction register, ALU, output register/register file, 
status register, output selection multiplexer, mode register, 
and the master/slave comparator. 


Input Registers/Input Modes 


Operands enter the processor through the R and S buses, and 
are then demultiplexed and buffered for subsequent storage in 
the 65-bit registers R and S. Input operands may be either 
single-precision (32-bit) or double-precision (64-bit) as speci- 
fied by S/DR and S/DS. Accompanying the input registers are 
two 32-bit temporary registers, R-Temp and S-Temp, that 
allow for the overlapping of operand transfers and ALU 
operations. This arrangement of temporary registers and 
demultiplexers permits data and corresponding precision bit 
S/DR or S/DS to be loaded into the 65-bit R register and 65- 
bit S register via one of the eight input modes: 


. 32-bit-bus, double-cycle, LSWs first 
. 32-bit-bus, double-cycle, MSWs first 
. 32-bit-bus, single-cycle, LSWs first 
. 32-bit-bus, single-cycle, MSWs first 
. 64-bit-bus, double-cycle, R first 

. 64-bit-bus, double-cycle, S first 

. 64-bit-bus, single-cycle, R first 

. 64-bit-bus, single-cycle, S first 


ANOnOHROND = 


These modes are described in detail in the Input Modes 
Description section. 


Operand Selection Multiplexers 


The operand selection multiplexers route operands to the 
ALU. These multiplexers, as well as selecting operands from 
input registers R and S and register file locations RFO - RF7, 
also have access to a set of constants (0, 0.5, 1, 2, 3, Pi). 
These constants are double-precision preprogrammed num- 
bers for use in ALU operations, and are automatically provided 
in the appropriate floating-point or integer format. 


Instruction Register 


The instruction register stores a 32-bit word specifying the 
current processor operation. Included in the instruction. word 
are fields that specify the P, Q, and T multiplexer selects, the 
rounding modes; the core operation to be performed by the 
ALU; sign-change controls for ALU input and result operands; 
and the single/double-precision control for the output oper- 
and. The multiplexer selects and the instruction word are 
described in detail in the Instruction Set section; Rounding 
modes are described in Appendix B. 


ALU 


The ALU is a combinatorial arithmetic/logic unit that performs 
a large repertoire of floating-point and integer operations. The 





ALU has three operand inputs, and performs operations of the 
form (P*Q) + T. Most ALU operations require only one or two 
input operands; for example, addition requires only operands 
P and T, multiplication only operands P and Q, and precision 
conversion only operand P. Many ALU arithmetic operations 
allow for the independent control of operand signs, thus 
greatly increasing the number of arithmetic expressions that 
can be evaluated in a single ALU pass. 


The ALU can be configured in either a flow-through mode, for 
which the ALU is completely combinatorial, or a pipelined 
mode, for which ALU operations incur one or two pipeline 
delays, but which results in a higher throughput than flow- 
through mode. 


A detailed description of ALU operations appears in the 
Instruction Set section. 


Output Register/Register File 


The results of the operations performed by the ALU are stored 
in the 64-bit output register F. Results can also be stored in 
the 8-by-64-bit register file for use in subsequent operations. 
Each register file location contains a 65th bit indicating the 
precision of the operand stored in that location, thus permitting 
the ALU to correctly process the operand in subsequent 
operations. 


Status Register 


The status register is a 7-bit register that stores flags 
pertaining to the most recently performed operation. A de- 
tailed description is provided in the Instruction Set section. 


Output Multiplexer 


The output multiplexer routes operation results to the F bus. 
This multiplexer selects the 32 MSBs of the output register or 
the 32 LSBs. 


Mode Register 


The mode register contains processor parameters that are 
changed infrequently. The 32-bit mode word is loaded into the 
register via the R bus. A detailed description of the mode 
register is provided in the Mode Register Description section. 


Master/Slave Comparator 


Each Am29C327 output signal has associated logic that 
compares that signal with the signal that the processor is 
providing internally to the output driver; any discrepancies are 
indicated by assertion of signal MSERR. 


For a single processor, this output comparison detects short 
circuits in output signals or defective output drivers, but does 
not detect open circuits. It is possible to connect a second 
processor in parallel with the first, with the second processor's 
outputs disabled by assertion of signal SLAVE. The second 
processor detects open-circuit signals, as well as providing a 
check of the outputs of the first. 














Mode Register Description 





The ''Load Mode Register'’ instruction loads a 32-bit word 
appearing on the R port into the mode register. Data is 
clocked into the register on the LOW-to-HIGH transition of 
CLK. The register is organized as described below: 


MO - M3 — Floating-Point Format Select: 


M1 | Mo. | Primary Format 
0 0 


IEEE 
DEC F (SINGLE), DEC D (DOUBLE) 
DEC F (SINGLE), DEC G (DOUBLE) 


1 1 
M3 | m2 | Alternate Format 


IEEE 
DEC F (SINGLE), DEC D (DOUBLE) 
DEC F (SINGLE), DEC G (DOUBLE) 





Floating-point formats are discussed in further detail in Appen- 
dix A. 


M4 — Saturate Enable: If M4 is HIGH, overflowed results are 
replaced by the largest representable value in the selected 
format of the same sign as the overflowed result. If M4 is 
LOW, the result is not changed. If M6 is HIGH, saturation is 
disabled. 


M5 — IEEE Affine/Projective Select: If M5 is HIGH, affine 
mode is selected. If M5 is LOW, projective mode is selected. 
The interpretation of infinities is determined by M5. The only 
differences between the modes occur during the addition and 
subtraction of infinities. 


Affine Mode Projective Mode 


(+0) + (4°) |Output + °° Output Quiet NAN, set 
invalid and reserved 
operand flags 


Output Quiet NAN, set 


invalid and reserved 
operand flags 


Output Quiet NAN, set 
invalid and reserved 
operand flags 


Output Quiet NAN, set 
invalid and reserved 
operand flags 


(-%) + (-%) |Output -°° 


(+0) - (-%) |Output +°° 





(-2°) = (+2) | Output -°° 


If the current floating-point format is not IEEE, this bit has no 
effect. 


M6—IEEE Trap Enable: If M6 is HIGH, IEEE trapped 
operation is enabled; the saturate (M4) and sudden underflow 
(M7) bits are ignored. For an underflowed result, the exponent 
is replaced by e = e + 192 (SP), or e = e + 1536 (DP), with the 
significand unchanged. For an overflowed result, the exponent 
is replaced by e = e- 192 (SP), or e = e- 1536 (DP), with the 
significand unchanged. If M6 is LOW, IEEE trapped operation 
is disabled. 


M7 — IEEE Sudden Underflow Enable: If M7 is HIGH and 
IEEE traps are disabled (M6 LOW), all IEEE denormalized 
results are replaced by a zero of the same sign. If M7 is LOW, 
a valid denormalized number will be produced. This bit has no 
effect for formats other than IEEE. 


M8 — IBM Significance Mask Enable: If M8 is HIGH, certain 
IBM operations having intermediate results of 0 will produce a 
final result of 0 with the biased exponent unchanged. If M8 is 
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LOW, these operations will produce a final result of true-zero. 
This bit has no effect for formats other than IBM. 


M9 — IBM Underflow Mask Enable: If M9 is HIGH, certain 
underflowed IBM operations will produce a normalized result 
with the exponent replaced by e + 128. If M9 is LOW, these 
operations will produce a final result of true-zero. This bit has 
no effect for formats other than IBM. 


M10: Reserved for future use (must be set to Logic 0) 


M11— Integer Multiplication Signed/Unsigned Select: If 
M11 is HIGH, the input operands are treated as two's- 
complement numbers. If M11 is LOW, the input operands are 
treated as unsigned numbers. This bit has no effect for 
operations other than integer multiplication. 


M12, M13 — Integer Multiplication Format Adjust: Selects 
the output format for integer multiplications. The user may 
select either the MSBs or the LSBs of the result of an integer 
multiplication: 


Tiare [wa [Output Format 


LSBs 
LSBs, format-adjusted 


MSBs, format adjusted 


“Format-adjusted" indicates that the product is shifted left 
one place before the MSBs or LSBs are selected. 


M14-M16— Input Mode: Selects the input bus mode: 


32-bit-bus, single-cycle, LSW 
first 
32-bit-bus, 
first 
32-bit-bus, 
first 
32-bit-bus, 
first 
64-bit-bus, 
64-bit-bus, 
64-bit-bus, 
64-bit-bus, 


Additional information on input modes can be found in 
the Input Modes section. 


M17 -F Register Feedthrough Enable: When M17 is HIGH, 
register F is made transparent. When M17 is LOW, the ALU 
output data is clocked into the F register on the next LOW-to- 
HIGH transition of CLK. 


M18 - Status Register Feedthrough Enable: When M18 is 
HIGH, the status register is made transparent. When M18 is 
LOW, the output flags are clocked into the status register on 
the next LOW-to-HIGH transition on CLK. 


M19, M20 - Pipeline Mode Select: 


[wae [wie] Pipeine wode 


0 x Flow-through mode 
1 0 
1 1 


Single-pipeline mode for all 
M21 - M31 - Reserved for factory test (must be set to Logic 0) 


single-cycle, MSW 
double-cycle, LSW 
double-cycle, MSW 


single-cycle, R first 
single-cycle, S first 
double-cylce, R first 
double-cycle, S first 


operations 

Double-pipeline mode for mul- 
tiply/accumulate 
Single-pipeline mode for other 
operations 








Input Modes 


The Am29C327 supports a total of eight input modes for 
loading data into the R and S registers. 


The 32-bit bus modes allow the user to connect each input 
port (Ro —- R31 and Sg - S34) to separate 32-bit buses. 64-bit 
operands can then be loaded by placing the MSBs and LSBs 
alternately on the appropriate ports. In the 64-bit bus modes, 
the two input ports are configured internally as a single 64-bit 
port. The Am29C327 may then be connected directly to a 64- 
bit bus, and 64-bit operands may be loaded in single opera- 
tion. Either the 32-bit bus modes or the 64-bit bus modes may 
be used regardless of the precision of the operands being 
transferred — the choice of input modes will in practice be 
determined by the system into which the Am29C327 is to be 
integrated. 


Single-cycle input modes allow two 64-bit operands to be 
loaded in a single clock cycle. This necessitates driving the 
input buses at twice the speed of the Am29C327. For systems 
when this is not practical, the double-cycle modes allow the 
loading of one 64-bit operand (or two 32-bit operands) per 
clock cycle. 





Data may be loaded from the input buses to the R register and 
S register using one of the eight input modes: 


1. 32-Bit Bus, Single-Cycle, LSWs First 

2. 32-Bit Bus, Single-Cycle, MSWs First 
3. 32-Bit Bus, Double-Cycle, LSWs First 
4. 32-Bit Bus, Double-Cycle, MSWs First 
5. 64-Bit Bus, Single-Cycle, R First 

6. 64-Bit Bus, Single-Cycle, S First 

7. 64-Bit Bus, Double-Cycle, R First 

8. 64-Bit Bus, Double-Cycle, S First 


The choice of the input modes is determined by mode register 
bits M14- M16. 


In order to permit the loading of new operands to be 
overlapped with the execution of a current operation, tempo- 
rary registers are provided within the "operand router" block 
(shown in Figure 1). The operation of these temporary 
registers is transparent to the user. The conditions under 
which they are loaded depends on the input mode selected. 


The eight input modes are described on the following pages. 

















32-Bit Bus, Single-Cycle, LSW First (M16 = 0, M15 =0, 
M14 = 0) 


In this mode, the two halves of the 64-bit R operand are 
placed on the R-input bus in successive half-cycles, with the S 


INSTRUCTION 
LINES, S/DR, 
S/DS 





Fo-Fay 
FLAGS, SIGN 






In this mode, the temporary registers are clocked on every 
HIGH-to-LOW clock transition. 


At 1, the least-significant 32 bits of the R operand are loaded 
from the R-input port into the R-temp register, and the least- 
significant 32 bits of the S operand are loaded from the S-input 
port into the S-temp register. Both words are loaded on the 
HIGH-to-LOW transition of the clock. 


At 2, the most-significant 32 bits of the R operand are loaded 
from the R-input port into the most-significant half of the R 





Timing of Operations with Input Mode 1 
(32-Bit Bus, Single-Cycle, LSW First)* 


*Assumes flow-through operation, F register, and S register clocked. 


operand similarly placed on the S-input port. After one 
complete cycle, the R and S registers contain the R and S 
operands, respectively. 








WF024870 


register, and the most-significant 32 bits of the S operand are 
loaded from the S-input port into the most-significant half of 
the S register. 


At the same time, at 2, the output of the R-temp register is 
loaded into the least-significant half of the R register, and the 
output of the S-temp register is loaded into the least- 
significant half of the S register. 


If an input operand is single-precision, the 32-bit data is kept 
on the input bus for the full cycle. 


32-Bit Bus, Single-Cycle, MSW First (M16 = 0, M15=0, 
M14 = 1) 


In this mode, the two halves of the 64-bit R operand are 
placed on the R-input bus in successive half-cycles, with the S 


@ 


' ‘ 

; ‘ 

INSTRUCTION 

LINES, S/DR, 
s 


\ 
‘ 
‘ 
\ 
‘ 


FLAGS, SIGN 


operand similarly placed on the S-input port. After one 
complete cycle, the R and S registers contain the R and S 
operands, respectively. 


WF024890 


Timing of Operations with Input Mode 2 
(32-Bit Bus, Single-Cycle, MSW First)* 


*Assumes flow-through operation, F register, and S register clocked. 


In this mode, the temporary registers are clocked on every 
HIGH-to-LOW clock transition. 


At 1, the most-significant 32 bits of the R operand are loaded 
from the R-input port into the R-temp register, and the most- 
significant 32 bits of the S operand are loaded from the S-input 
port into the S-temp register. Both words are loaded on the 
HIGH-to-LOW transition of the clock. 


At 2, the least-significant 32 bits of the R operand are loaded 
from the R-input port into the least-significant half of the R 
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register, and the least-significant 32 bits of the S operand are 
loaded from the S-input port into the least-significant half of 
the S register. 


At the same time, at 2, the output of the R-temp register is 
loaded into the most-significant half of the R register, and the 
output of the S-temp register is loaded into the most- 
significant half of the S register. 


If an input operand is single-precision, the 32-bit data is kept 
on the input bus for the full cycle. 








32-Bit Bus, Double-Cycle, LSW First (M16 =0, M15 = 1, operand similarly placed on the S-input port. After two cycles, 
M14 = 0) the R and S registers contain the R and S operands, 
respectively. 












In this mode, the two halves of the 64-bit R operand are 
placed on the R-input bus in successive cycles, with the S 


Sisw 


© 





INSTRUCTION 
LINES, S/OR, 


FLAGS, SIGN 
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Timing of Operations with Input Mode 3 
(32-Bit Bus, Double-Cycle, LSW First)* 





*Assumes flow-through operation, F register, and S register clocked. 










In this mode, the temporary registers are clocked on every register, and the most-significant 32 bits of the S operand are 
LOW-to-HIGH clock transition. loaded from the S-input port into the most-significant half of 


At 1, the least-significant 32 bits of the R operand are loaded _—«tHe-S register. 


from the R-input port into the R-temp register, and the least- 


significant 32 bits of the S operand are loaded from the S-input At the same time, at 2, the output of the R-temp register is 
port into the S-temp register. loaded into the least-significant half of the R register, and the 

ie output of the S-temp register is loaded into the least- 
At 2, the most-significant 32 bits of the R operand are loaded significant half of the S register. 


from the R-input port into the most-significant half of the R 









32-Bit Bus, Double-Cycle, MSW First (M16 =0, M15 = 1, operand similarly placed on the S-input port. After two cycles, 
M14 = 1) the R and S registers contain the R and S operands, 
respectively. 






In this mode, the two halves of the 64-bit R operand are 
placed on the R-input bus in successive cycles, with the S 





Susw Sisw 






® 


eee! Gigh fC) 


INSTRUCTION 
LINES, S/OR, 
S/DS 


ENR 
ENS 










Fo -Fay 
FLAGS, SIGN 
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Timing of Operations with Input Mode 4 
(32-Bit Bus, Double-Cycle, MSW First)* 







“Assumes flow-through operation, F register, and S register clocked. 





In this mode, the temporary registers are clocked on every register, and the least-significant 32 bits of the S operand are 
LOW-to-HIGH clock transition. loaded from the S-input port into the least-significant half of 
the S register. 






At 1, the most-significant 32 bits of the R operand are loaded 
from the R-input port into the R-temp register, and the most- 


significant 32 bits of the S operand are loaded from the S-input At the same time, at 2, the output of the R-temp register is 
port into the S-temp register. loaded into the most-significant half of the R register, and the 


output of the S-temp register is loaded into the most- 
At 2, the least-significant 32 bits of the R operand are loaded significant half of the S register. 


from the R-input port into the least-significant half of the R 
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64-Bit Bus, Single-Cycle, R First (M16 = 1, M15 =0, 
M14 = 0) 

In this mode, the MSW of the 64-bit R operand is placed on 
the R-input bus and the LSW of the S-input bus. Both 






© @ 





CLK 


‘ i 
‘ ‘ 
‘ ‘ 
‘ ‘ 


Ro-R3y 


So -S3y 


‘ 
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\ 
’ 
‘ 
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FLAGS, SIGN 






In this mode, the temporary registers are clocked on every 
HIGH-to-LOW clock transition. 


At 1, the most-significant 32 bits of the R operand are loaded 
from the R-input port into the R-temp register, and the least- 
significant 32 bits of the R operand are loaded from the S- 
input port into the S-temp register. 


At 2, the most-significant 32 bits of the S operand are loaded 
from the R-input port into the most-significant half of the S 








halfwords are loaded in the first half cycle. Similarly, the two 
halves of the S operand are loaded in the second half cycle. 


After one full cycle, the R and S registers contain the R and S 
operands, respectively. 





Timing of Operations with Input Mode 5 
(64-Bit Bus, Single-Cycle, R First)* 


*Assumes flow-through operation, F register, and S register clocked. 
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register, and the least-significant 32 bits of the S operand are 
loaded from the S-input port into the least-significant half of 
the S register. 


At the same time, at 2, the output of the R-temp register is 
loaded into the most-significant half of the R register, and the 
output of the S-temp register is loaded into the least- 
significant ‘half of the R register. 












64-Bit Bus, Double-Cycle, S First (M16 = 1, M15=0, are loaded in the first half cycle. Similarly, the two halves of 
M14 = 1) the R operand are loaded in the second half cycle. After one 
In this mode, the MSW of the 64-bit S operand is placed on the oO abe Fiand § registers contain the R and S operands, 
R-input bus and the LSW on the S-input bus. Both halfwords p Y. 










INSTRUCTION 
LINES, S/DR, 
s/DS 


















Fo -Fay 
FLAGS, SIGN 
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Timing of Operations with Input Mode 6 
(64-Bit Bus, Single-Cycle, S First)* 


*Assumes flow-through operation, F register, and S register clocked. 





In this mode, the temporary registers are clocked on every register, and the least-significant 32 bits of the R operand are 
HIGH-to-LOW clock transition. loaded from the S-input port into the least-significant half of 


At 1, the most-significant 32 bits of the S operand are loaded the Fi register. 

from the R-input port into the R-temp register, and the least- | 3 : 
significant 32 bits of the S operand are loaded from the S-input At the same time, at 2, the output of the R-temp register is 
port into the S-temp register. loaded into the most-significant half of the S register, and the 
output of the S-temp register is loaded into the least- 


At 2, the most-significant 32 bits of the R operand are loaded significant half of the S register. 


from the R-input port into the most-significant half of the R 
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64-Bit Bus, Double-Cycle, R First (M16 = 1, M15 = 1, halfwords are loaded in the first cycle. Similarly, the two halves 
M14 = 0) of the S operand are loaded in the second cycle. After the two 


in this mode, the MSW of the 64-bit R operand is placed on —°¥CI€s: the A and S registers contain the Rand S operands, 
the R-input bus and the LSW of the S-input bus. Both Hehe elven, 














INSTRUCTION 
LINES, S/DR, 


FLAGS, SIGN 
WF024940 


Timing of Operations with Input Mode 7 
(64-Bit Bus, Double-Cycle, R First)* 


*Assumes flow-through operation, F register, and S register clocked. 













In this mode, the temporary registers are clocked on every register, and the least-significant 32 bits of the S operand are 
LOW-to-HIGH clock transition. loaded from the S-input port into the least-significant half of 


At 1, the most-significant 32 bits of the R operand are loaded the: fegistel: 


from the R-input port into the R-temp register, and the least- 


significant 32 bits of the R operand are loaded from the S- At the same time, at 2, the output of the R-temp register is 
input port into the S-temp register. loaded into the most-significant half of the R register, and the 

output of the S-temp register is loaded into the least- 
At 2, the most-significant 32 bits of the S operand are loaded significant half of the R register. 


from the R-input port into the most-significant half of the S 


64-Bit Bus, Double-Cycle, S First (M16 = 1, M15 = 1, are loaded in the first cycle. Similarly, the two halves of the R 
M14 = 1) operand are loaded in the second cycle. After the two cycles, 
the R and S registers contain the R and S operands, 


In this mode, the MSW of the 64-bit S operand is placed on the ; 
respectively. 


R-input bus and the LSW of the S-input bus. Both halfwords 


INSTRUCTION 
LINES, S/DR, 


FLAGS, SIGN 
WF024940 


Timing of Operations with Input Mode 8 
(64-Bit Bus, Double-Cycle, S First)* 


“Assumes flow-through operation, F register, and S register clocked. 





In this mode, the temporary registers are clocked on every register, and the least-significant 32 bits of the R operand are 
LOW-to-HIGH clock transition. loaded from the S-input port into the least-significant half of 


At 1, the most-significant 32 bits of the S operand are loaded whe: Rotegeier. 


from the R-input port inot the R-temp register, and the least- 
significant 32 bits of the S operand are loaded from the S-input 
port into the S-temp register. 


At the same time, at 2, the output of the R-temp register is 
loaded into the most-significant half of the S register, and the 
output of the S-temp register is loaded into the least- 
At 2, the most-significant 32 bits of the R operand are loaded significant half of the S register. 

from the R-input port into the most-significant half of the R 
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Pipelining of Operations 





The floating-point ALU of the Am29C327 may be operated in 
one of three pipeline modes: 


1. Flow-Through Mode 
2. Single-Pipelined Mode 
3. Double-Pipelined Mode 


Flow-Through Mode 


In this mode the floating-point ALU acts as a purely combina- 
torial device. 


Single-Pipelined Mode 


In this mode the floating-point ALU contains a single pipeline 
delay for all operations; throughput is roughly double that for 
unpipelined mode. Simplified diagrams for the ALU configura- 
tion for single-pipelined mode are shown in Figure 2. 


Double-Pipelined Mode 


In this mode, which applies only to the multiplication-accumu- 
lation operation, the ALU contains two pipeline delays; 
throughput is roughly triple that for the unpipelined multiplica- 
tion-accumulation operation. Simplified block diagrams are 
shown in Figure 3. 


Figures 4 to 8 provide timing diagrams for all operations 
except multiply-accumulate illustrating flow-through mode, 
single-pipelined mode, and double-pipelined mode, respec- 
tively. 


INSTRUCTION 
REGISTER 





PIPELINE 
REGISTER 


PIPELINE 
REGISTER y 


iv, 


a) MULTIPLY-ACCUMULATE 















Figure 2. ALU Configuration for Single-Pipelined Mode 





The choice of pipelining mode affects only the floating-point 
ALU. Operations of other parts of the Am29C327, such as the 
input registers, the output register, the mode register, and the 
instruction register are not affected by the choice of pipelining 
mode. However, the instruction bits are pipelined as they pass 
through the ALU. This permits instructions to be interleaved in 
pipelined mode. 


The desired pipeline mode or modes can be invoked by setting 
mode register bits M19 and M20 to the appropriate values. 


When using the Am29C327 in either single-pipelined or 
double-pipelined mode, two conditions must be observed: 


1. The "load mode register" instruction is not pipelined, nor 
are any of the mode register bits. When the mode register 
is loaded, any differences between the current mode and 
the previous mode take effect immediately. In single- 
pipelined mode, the user should separate the last valid 
ALU instruction and the "load mode register" instruction 
with one ''NO-OP" instruction. In double-pipelined mode, 
the user should separate them with two ''NO-OP" instruc- 
tions. A NO-OP instruction is any instruction whose result 
is not stored in register F, or the register file. 


np 


. A multiplication-accumulation instruction cannot be imme- 
diately followed by any other type of instruction. This 
problem can be avoided by inserting a ''dummy" multipli- 
cation-accumulation instruction at the end of a multiplica- 
tion-accumulation instruction. This ''dummy" is any in- 

struction whose results are not stored in register F or the 

register file. 


MPY/ADD 
PIPELINE 
» REGISTER 


PIPELINE 
REGISTER 


, 


B) OTHER OPERATIONS 


DF006260 










INSTRUCTION 
REGISTER 


MPY/ADD 


PIPELINE PIPELINE 
REGISTER Y REGISTER 


PIPELINE 
REGISTER 


INSTRUCTION 
PATH 


a) MULTIPLY-ACCUMULATE B) OTHER OPERATIONS 
DF006270 


Figure 3. ALU Configuration for Double-Pipelined Mode 
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~ DOO OOeOAO BO OO 


apoyo dp oboD 


Fa as, FLAG. 
0-31 FLAG}.¢, SIGN RESULT 1 RESULT 2 RESULT 3 


WF024960 


Figure 4. Timing for All Operations EXCEPT Multiply-Accumulate, Flow-Through Mode 


si Ss2 $3 Ss 
Foss . FUG, 5 » SIGN RESET1 } RESET2 RESET3 XY RESET4 ¥ RESETS ¥ RESET6 Y RESET7 ¥ RESETS Y RESETO 


WF024970 





Figure 5. Timing for All Operations EXCEPT Multiply-Accumulate, Pipelined Mode 
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: XX CO 
s1 
INSTRUCTION INST 141 { wsra | 2 
F, , FLAG,_¢, SIGN 
0-31 46 RESULT 1 RESULT 2 


WF024980 


Figure 6. Timing for Multiply-Accumulate, Flow-Through Mode 


~ DO OOGRBOReRRBYRY 


oo o8o o’o oo o'o o'o 


INSTRUCTION { wsrs | 1 { wsr2 | 2 INST { wsrs | {sr | 4 { wsts_ | 5 { nssre | 6 
Fo.a1: FLAG).6, SIGN RESULT 1 RESULT 2 RESULT 3 


WF024990 





Figure 7. Timing for Multiply-Accumulate, Single-Pipelined Mode 


st s2 $3 S4 $5 sé S7 $8 so sio si si2 
Fo.g4 FLAG,_¢, SIGN RESET 1 ¥ RESET 2 RESET4 Y RESETS RESET 7 { nesers | 


WF025000 


Figure 8. Timing for Multiply-Accumulate, Double-Pipelined Mode 
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Instruction Set 
Instruction Register Format 


The 14-bit instruction word I9-143 comprises sign-change 
controls, integer/floating-point select bit, and the opcode. 


N42 N44 l10 Ig Ig I7 Ig Ig lo ly lo 


SIGN (P) SIGN (Q) SIGN (1) SIGN (F) INT/FP OPCODE 


The opcode field, 14-Io, specifies the core operation to be floating-point and integer formats. The core operations and 
performed by the ALU; instruction bit I5 selects between their corresponding opcodes are listed in Table 1. 


TABLE 1. CORE OPERATIONS/OPCODES 


pe Tu [a [TP | oprion ainered 


p +T 

P*Q 

COMPARE P, T 

MAX P, T 

MIN P, T 

CONVERT T TO INTEGER 

SCALE T TO INTEGER BY Q 

(P*Q)+T 

ROUND T TO INTEGRAL VALUE 
RECIPROCAL SEED OF P 

CONVERT T TO ALTERNATE F.P. FORMAT 
CONVERT T FROM ALTERNATE F.P. FORMAT 


re Picts [eof [ommiontiagey 


: +T 

P*Q 

COMPARE P, T 

MAX P, T 

MIN P, T 

CONVERT T TO FLOATING-POINT 
SCALE T TO FLOATING-POINT BY Q 
PORT 

P AND T 

P XOR T 

SHIFT P LOGICAL Q PLACES 

SHIFT P ARITHMETIC Q PLACES 
FUNNEL SHIFT PT LOGICAL Q PLACES 


oo 


oooooooocoo°c°oe°oc°o 
area ae Ht OOCOCOCOCOCO°O 
-oooo-+-+--0000 
O-OCOA-0-00-0-0 


oooo0o0o0o0o00o00 000 
OA300240022 


aso ee 2 OOCCCCOCO 


0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 
0 
0 


ooooo0ooco0o0oo0o0o0c 0090 
spare ooooHf+-++0000 
|=O-030=000-=0 


Core operations MOVE P and LOAD MODE REGISTER can both be performed in either floating-point or integer format: 


Te[u[e[e[n [| orraion SCS~S 


X 1 1 0 MOVE P 
xX 1 1 1 LOAD MODE REGISTER 
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Sign-Change Selects 


Each ALU input and output operand has associated hardware 
that can be used to modify operand signs (see Figure 9). 
These sign-change blocks, when applied to core operations, 
greatly increase the number of available operations. A core 
operation of P+T, for example, can be used to perform 
operations such as P-T, ABS(P + T), ABS(P) + ABS(T), and 
others, simply by modifying the signs of the input and output 
operands. 


Sign-Change 


Sign-Change 


Using the sign-change blocks, the sign of an input operand 
may be left unchanged, inverted, set to zero, or set to one; the 
sign of the output operand may be left unchanged, set to zero, 
set to one, set to the sign of the P input operand, or set to the 
sign of the T input operand. Select decodes for the P, Q, T, 
and F operand sign-change blocks are shown in Table 2-1, 2- 
2, 2-3, and 2-4, respectively. 


Sign-Change 


Sign-Change 


TABLE 2-1. SELECT DECODE FOR P OPERAND 
SIGN-CHANGE BLOCK 


STN (P) 
SIGN (P) 


TABLE 2-3. SELECT DECODE FOR T OPERAND 
SIGN-CHANGE BLOCK 


0 0 


0 1 
1 0 
1 1 
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BD011060 


TABLE 2-2. SELECT DECODE FOR Q OPERAND 
SIGN-CHANGE BLOCK 


TABLE 2-4. SELECT DECODE FOR F OPERAND 
SIGN-CHANGE BLOCK 


as (F’) 
SIGN (F') 
0 
1 
SIGN (P) 
SIGN (T) 


SIGN (F') 
SIGN (F') 
0 
1 


ae Rat 
or 
Min P, T 


“a 2 O000 

7A OX XK XK XK 
—- = O0O0;x x +~+00 
-O-0/;/x x +O 


x x x x 
x Kx KK 





Operand Multiplexer Selects 


Instruction fields PSEL9-PSEL3, QSELp-QSEL3, and 
TSELo - TSEL3 specify the select codes for the P, Q, and T 


operand multiplexers, respectively; the codes are summarized 
in Table 3. 


TABLE 3. OPERAND MULTIPLEXER SELECT CODES 


=Oo-0 


—=~--4330c0000 
=—_= = OF O+-+-00 
-“~OoO-0+0++0 


Operand Precisions 


The Am29C327 supports mixed-precision operations, so that it 
is possible, for example, for an operation to have single- 
precision inputs and a double-precision output, or one single- 
and one double-precision input, or any other combination. 


Precision of the operands in registers R and S is specified by 
signals S/DR and S/DS. A logic HIGH indicates a single- 
precision operand or operands; a LOW, double precision. 


Precision of an operation result is specified by signal S/DF. A 
logic HIGH indicates a single-precision operand; a logic LOW, 
double-precision. 


Operands stored in the register file are each accompanied by 
a bit indicating that operand's precision; this precision informa- 


P 
Q 
T 
R 
Ss 


Oo 


0.5 (Floating Point) 
-1 (Integer) 


Pi (Floating Point) 
Max Neg. Two's-Comp. Value (Integer) 


Register File 
Register File 
Register File 
Register File 
Register File 
Register File 
Register File 
Register File 
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Location 0 (RFO) 
Location 1 (RF1) 
Location 2 (RF2) 
Location 3 (RF3) 
Location 4 (RF4) 
Location 5 (RF5) 
Location 6 (RF6) 
Location 7 (RF7) 


tion is automatically supplied to the ALU when a register file 
location is used as an input operand to an operation. 


Processor Operations 


Table 4 illustrates a number of possible ALU instructions 
comprising the opcode, integer/floating-point select, and sign- 
change fields. Note that the remaining instruction bits — P, Q, 
and T operand multiplexer selects; the rounding modes; and the 
output operand precision— can be specified independently. 


The user may create instructions using instruction words other 
than those listed in Table 4. For some core operations, sign- 
change control settings are completely arbitrary; for others, 
only the sign-change field values shown in Table 4 are valid. 
Table 5 summarizes permissible sign-change field values for 
each core operation. 





TABLE 4. INSTRUCTION WORDS 


Operation 


p 

-P 

ABS (P) 

Sign (T)*ABS (P) 


P+T 

P-T 

T-P 

-P-T 

ABS (P + T) 

ABS (P-T) 

ABS (P) + ABS (T) 
ABS (P)- ABS (T) 
ABS (ABS (P)- ABS (T)) 
P*Q 

(-P)* Q 

ABS (P * Q) 
Compare P, T 


Max P, T 
Max ABS (P), ABS (T) 


Min P, T 
Min ABS (P), ABS (T) 


Limit P to Magnitude T 
Convert T to Integer 
Scale T to Integer by Q 


T+P*Q 

T-P*Q 

-T+P*Q 

-T-P*Q 

ABS (T) + ABS (P*Q) 
ABS (T)- ABS (P*Q) 
ABS (P*Q)- ABS (T) 


Round T to Integral Value 


Reciprocal Seed (P) 


Convert T to Alternate 
Floating-point Format 


Convert T from Alternate 
Floating-point Format 
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TABLE 4. INSTRUCTION WORDS (Cont'd.) 


Operation 


Pp 

-P 

ABS (P) 

sign (T)*ABS (P) 


P+T 
P-T 
T-P 
ABS (P +7) 
ABS (P-T) 


P*Q 

Compare P, T 

Max P, T 

Min P, T 

Convert T to Float 
Scale T to Float by Q 
PORT 

P AND T 


P XOR T 
NOT T (see Note 1) 


Shift P Logical Q Places 
Shift P Arithmetic Q Places 
Funnel Shift PT Q Places 
Move P 


2m 8 oe eae on oe on oa oa on on an ann 424i 


x 
x 


Load Mode Register 


: 1. NOT T is performed by XORing T with a word containing all 1's (integer - 1). When invoking NOT T the 
user must set PSELg-PSELo to 001192, thus selecting integer constant — 1. 
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TABLE 5. ALLOWABLE SIGN-CHANGE/CORE-OPERATION COMBINATIONS 


Sign-Change Fields 
Sign (P) | sign (@) | Sign (T) Sign (F) 
Vv Vv 


Core Operation 


FP P 

FP P+T 

FP P*Q 

FP Compare P, T 
FP Max P, T 

FP Min P, T 

FP Cvt T to Int 

FP Scale T to Int 
FP P*Q4+T 

FP Round T 

FP Recip Seed P 
FP Cvt T to Alt Fmt 
FP Cvt T fm Alt Fmt 


Int P 

Int P+T 

Int P*Q 

Int Compare P, T 
Int Max P, T 

Int Min P, T 

Int Cvt T to f.p. 
Int Scale T to f.p. 
Int P OR T 

Int P AND T 

Int P XOR T 

Int Shift P Logical 
Int Shift P Arith 
Int Funnel Shift PT 


0 00000 
0 00001 
0 00010 
0 00011 
0 00100 
0 00101 
0 00110 
0 00111 
0 01000 
0 01001 
0 01010 
0 01011 
0 01100 


1 00000 
1 00001 
1 00010 
1 00011 
1 00100 
1 00101 
1 00110 
1 00111 
1 10000 
1 10001 
1 10010 
1 10011 
1 10100 
1 10101 


x 11000 Move P x x x 
x 11111 Load Mode Reg x x x 


m™m7xxx xx maT TNixx nx <xxnN7an<< 


T™x xXx xX xX TTMTAANDNx nNnTnIinnNxn<aATNADNTTNx <~x 


m77x x x 1x TTX TK TSX x xxx OnNxXxX THDMTNxK <x < 
Ta]. TxXx x TAAAMAANANI ANN nNn<TATAAATN<< 


- 


Key: V= Variable; user can specify arbitrary sign change. 
F = Fixed; user is restricted to sign change combinations shown in Table 4. 
x = Don't care; this field does not affect the operation or its result. 


Descriptions of Operations 


P (Floating-Point or Integer): The operand on port P is 
passed through the ALU to port F. This operation may be used 
to change the precision of an operand, negate an operand, 
extract the absolute value of an operand, or transfer the sign 
of operand T to operand P. 


P+T (Floating-Point or Integer): The addition operation 
(P + T) adds the operands on ports P and T, and places the 
result on port F. 


P*Q (Floating-Point or Integer): The multiplication operation 
(P*Q) multiplies the operands on ports P and Q, and places 
the result on port F. 


COMPARE P, T (Floating-Point or Integer): This operation 
compares the operands on ports P and T, and places (P - T) 
on port F. One of four comparison flags (=, >, <, #) is set 
according to the result of the comparison. Note that the 
unordered flag (#) can be set only when the format selected 
is IEEE or DEC. 


MAX P, T (Floating-Point or Integer): This operation selects 
the most positive of the two operands on ports P and T, and 
places the result on port F. 


MIN P, T (Floating-Point or Integer): This operation selects 
the most negative of the two operands on ports P and T, and 
places the result on port F. 


LIMIT P TO MAGNITUDE T (Floating-Point): This operation 
imposes a clipping or saturation level on operand P by 
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comparing the magnitudes of the operands on ports P and T. If 
operand P has the smaller magnitude, it is placed on port F; if 
operand T has the smaller magnitude, it is placed on port F, 
but with its sign modified to agree with that of operand P. This 
operation is equivalent to operation SIGN(P) * MIN( ABS(P), 
ABS(T) ). 


CONVERT T TO INTEGER (Floating-Point): The floating- 
point-to-integer conversion operation takes a floating-point 
operand on port T and places the equivalent two's-comple- 
ment integer value on port F. 


CONVERT T TO FLOATING-POINT (Integer): The integer- 
to-floating-point conversion operation takes a two's-comple- 
ment integer operand on port T and places the equivalent 
floating-point value on port F. 


SCALE T TO INTEGER BY Q (Floating-Point): This opera- 
tion converts the floating-point operand T to integer format 
using the floating-point operand Q as a scale factor. The true 
exponent of Q is added to the true exponent of T before the 
new value T is converted to integer format. The operation 
therefore permits T to be scaled by any multiple of two when 
the source format is IEEE or DEC, and by any multiple of 16 
when the source format is IBM. 


SCALE T TO FLOATING-POINT BY Q (Integer): This opera- 
tion converts the integer operand T to floating-point format 
using the operand Q as a scale factor, where Q is a floating- 
point operand in the destination format. The true exponent of 
Q is added to the true exponent of T after T has been 
converted from integer to floating-point. The operation 





therefore permits T to be scaled by any multiple of two when 
the destination format is IEEE or DEC, and by any multiple of 
16 when the destination format is IBM. 


(P*Q) + T (Floating-Point): This operation multiplies the oper- 
ands on port P and Q, adds the product to the operand on port 
T, and places the result on port F. 


ROUND T TO INTEGRAL VALUE (Floating-Point): This 
operation rounds a floating-point operand to an integer-valued 
floating-point operand of the same format. A value of 3.5, for 
example, would be rounded to either 3.0 or 4.0, the choice 
depending on the rounding mode. 


RECIPROCAL SEED OF P (Floating-Point): The reciprocal 
seed of the floating-point operand on port P is placed on port 
F; the result obtained is a crude estimate of the input 
operand's reciprocal. This operation can be used as the initial 
step in performing Newton-Raphson division. A single-preci- 
sion result is obtained after five iterations, and a double- 
precision result after six iterations. Alternately, an external 
seed look-up table can be used for faster convergence. 


CONVERT T TO ALTERNATE FLOATING-POINT FORMAT 
(Floating-Point): This operation converts operand T from the 
primary floating-point format to the alternate floating-point 
format, thus allowing conversions among the IEEE, DEC, and 
IBM floating-point formats. The result obtained through itera- 
tion is approximate. 


CONVERT T FROM ALTERNATE FLOATING-POINT FOR- 
MAT (Floating-Point): This operation converts operand T 
from the alternate floating-point format to the primary floating- 
point format, in a manner similar to that of CONVERT T TO 
ALTERNATE FLOATING-POINT FORMAT above. 


P OR T, P AND T, P XOR T, NOT T (Integer): The logical 
operations (OR, AND, EXCLUSIVE OR) are performed on the 
operands on ports P and T, and the result is placed on port F. 
NOT T is performed by XORing T with a word containing all 
ones (integer -1). When invoking NOT T, instruction bits 
PSELg-PSELp must be set to 0011, thus selecting integer 
constant -1. 


SHIFT P LOGICAL Q PLACES (integer): This operation 
logically shifts operand P by Q places. If the shift is Q places to 
the right, Q zeros are filled from the left. If the shift is Q places 
to the left, Q zeros are filled from the right. 


SHIFT P ARITHMETIC Q PLACES (Integer): This operation 
arithmetically shifts operand P by Q places. With a right shift, 
the result is sign extended Q places. With a left shift, Q zeros 
are filled from the right. 
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FUNNEL SHIFT PT LOGICAL Q PLACES (Integer): The 
operands on ports P and T are concatenated to form a double- 
width operand PT, which is then shifted to the right or left by Q 
places; the 32- or 64-bit result is placed on port F. 


MOVE P (Floating-Point or Integer): The operand on 
port P is moved to port F. The operand is left unchanged, and 
only the sign flag is set. 


Primary and Alternate Floating-Point Formats 


All floating-point operations except format conversions are 
performed in the primary format selected by mode register bits 
MO and M1. Conversions to the alternate format convert 
floating-point numbers from the primary format to the alternate 
format selected by mode register bits M2 and M3. Conver- 
sions from the alternate format convert floating-point data 
from the alternate format to the primary format. Conversions 
and scale operations to and from integer format operate on 
floating-point numbers in the primary format. 


Operation Flags 


For each operation, the ALU produces thirteen flags that 
indicate operation status. Of the flags produced, a maximum 
of seven are relevant to any given operation. The relevant 
flags are placed in the status register, and the other flags are 
discarded. 


The ALU flags are: 


C—CARRY: Carry-out bit produced by integer addition, 
subtraction, or comparison. 


1— INVALID OPERATION: Input operands are unsuitable for 
the operation specified (e.g., 2 * 0). 

R— RESERVED OPERAND: Reserved operand detected/ 
generated. 

S—SIGN: Result sign. 


U— UNDERFLOW: Result underflowed the destination for- 
mat. 


V— OVERFLOW: Result overflowed the destination format. 


W — WINNER: Indicates which of the two operands selected 
when performing Max/Min operations. 


X — INEXACT RESULT: Result had to be rounded to fit the 
destination format. 


Z— ZERO: Zero result. 


>, =, <, #—GREATER THAN, EQUAL, LESS THAN, 
UNORDERED: Used to report the result of a comparison 
operation. 


Table 6 lists the flags reported for each operation. 





TABLE 6. ORGANIZATION OF FLAGS 


Flag Register 


Opcode| LSB 
Operations Ig-lo 0 


Non-arithmetic single-operand 
Operations using add 
Operations using multiply 
Compare 

Maximum, minimum, limit 
Convert/scale to integer 
Multiply/accumulate 

Round to integral value 
Reciprocal seed 

Convert to alt. f.p. format 
Convert from alt. f.p. format 


*e<i<c<][ny 
x VxXx< xa 


DVUDBVVIVIVIIID| = 
x 


<<<<<< *#<<<|/<<<<<< 


Non-arithmetic single-operand 
Operations using add 
Operations using multiply 
Compare 

Maximum, minimum, limit 
Convert/scale to integer 
Multiply/accumulate 

Round to integral value 
Reciprocal seed 

Convert to alt. f.p. format 
Convert from alt. f.p. format 


VK KKK XK 


x x 


DVUVVDIINIIADAD 


Non-arithmetic single-operand 
Operations using add 
Operations using multiply 
Compare 

Maximum, minimum, limit 
Convert/scale to integer 
Multiply/accumulate 

Round to integral value 
Reciprocal seed 

Convert to alt. f.p. format 
Convert from alt. f.p. format 


© 2Acecilcce ¢ Sarcc ccc C BACCCIo 


D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 


DVUVVIDVIIIAD 


Non-arithmetic single-operand 
Operations using add 
Operations using multiply 
Compare 

Maximum, minimum, limit 
Convert/scale to integer 
Multiply/accumulate 

Round to integral value 
Reciprocal seed 

Convert to alt. f.p. format 
Convert from alt. f.p. format 


U 
Integer Non-arithmetic single-operand 
Integer Sign transfer 
Integer Operations using add Cc 
Integer Operations using multiply 
Integer Compare operations Cc < 
Integer Maximum, minimum, limit WwW 
Integer Convert to float 
Integer Scale to float vy u 
Integer Logical operations 
Integer Arithmetic shift Vv 
Integer Funnel shift LZ 


Move operand 11000 Ss 
Load mode register 11111 


Note: Unused flags assume the LOW state. 
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Master/Slave Operation 





Two Am29C327 processors can be tied together in master/ 
slave configuration, with the slave checking the results pro- 
duced by the master. All input and output signals of the slave, 
with the exception of SLAVE and MSERR, are tied to the 
corresponding signals of the master. The master is selected 
by asserting signal SLAVE LOW; the slave, by asserting signal 
SLAVE HIGH. 














The slave processor, by comparing its outputs to the outputs 
of the master processor, performs a comprehensive check of 
the operation of the master processor. In addition, the slave 
processor may detect open circuits and other faults in the 
electrical path between the master processor and the system. 
Note that the master processor still performs the comparison 
between its outputs and its own internally generated results, 
and is therefore able to detect faults in its output drivers. 


APPENDICES 


APPENDIX A— DATA FORMATS 


The following data formats are supported: 32-bit integer, 64-bit 
integer, IEEE single-precision, IEEE double-precision, DEC F, 
DEC D, DEC G, IBM single-precision, and IBM double- 
precision. 


Integer Formats 
32-Bit Integer 
The 32-bit integer word is arranged as follows: 


Bit 31 30 29 28 27 26 25. .- 


The primary and alternate floating-point formats are selected 
by mode register bits MO to M3. The user may select between 
floating-point operations and integer operations by means of 
instruction bit 15. 


The nine supported formats are described below: 


76543210 


231 530 229 528 527 526 525 a bowed a a! 26 05 94.93 92 91 90 


The 32-bit word is interpreted as a two's-complement integer. 
For integer multiplications, the user has the option of interpret- 
ing integers as unsigned. An unsigned single-precision integer 


64-Bit Integer 
The 64-bit integer word is arranged as follows: 


Bit 63 62 61 


263 962 961 760 959 958957 =n 06 95 9h 93 n2 ot 30 


The 64-bit word is interpreted as a two's-complement integer. 
For integer multiplications, the user has the option of interpret- 
ing integers as unsigned. An unsigned double-precision inte- 


IEEE Formats 

IEEE Single-Precision 

The IEEE single-precision word is 32 bits wide and is arranged 
in the format as follows: 


31 30 29 28 27 26 25 24 23 22 21 


sign biased exponent (e) 


The floating-point word is divided into three fields: a single-bit 
sign, an 8-bit biased exponent, and a 23-bit fraction. 


The sign bit is O for positive numbers and 1 for negative 
numbers. Zero may have either sign. 


The biased exponent is an 8-bit unsigned integer representing 
a multiplicative factor of some power of two. The bias value is 
127. If, for example, the multiplicative value for a floating-point 


If e= 255 and f#0... 
If e= 255 and f=0 

If O0<e< 255 

If e=0 and f#0. 

lf e=0 and f=0 


.. value = NaN 
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60 59 58 57 «+ « 


.. value = (—1)$c° 

.. value = (- 1)82° ~ 127(4 4) 

.. Value = (-1)82- 126(9,f) 
value = (-1)§0 


TB001030 


has a format similar to that of the two's-complement integer, 
but with an MSB weight of 29!, 


76543210 


TBO001040 


ger has a format similar to that of the two's-complement 
integer, but with an MSB weight of 269. 


720,21 ~22 223 


2 
fraction (f) 
TB001050 


number is to be 24, the value of the biased exponent is 
a+ 127, where ''a"' is the true exponent. 


The fraction is a 23-bit unsigned fractional field containing the 
23 least-significant bits of the floating-point number's 24-bit 
mantissa. The weight of the fraction's most-significant bit is 
2-1, The weight of the least-significant bit is 2-29. 


An IEEE floating-point number is evaluated or interpreted as 
follows: 


Not-a-Number 

Infinity 

Normalized number 
Denormalized number 
Zero 






















Infinity: Infinity can have either a positive or negative sign. two ways: either generated by the Am29C327 to indicate an 

The interpretation of infinities is determined by the Affine/ invalid operation, or provided by the user as an input. A 

Projective select input AFF/PROJ. signaling NaN has the MSB of its fraction set to 0 and at least 
one of the remaining fraction bits set to 1. A quiet NaN has the 

NaN: A NaN is interpreted as a signal or symbol. NaNs are MSB of its fraction set to 1. 

used to indicate invalid operations, and as a means of passing 

process status through a series of calculations. They arise in 





The IEEE format is fully described in IEEE Standard 754. 





IEEE Double-Precision 


The IEEE double-precision word is 64 bits wide and is 
arranged in the format shown below: 
















63 62 6160 ..- 54 & 52 51 50 49 48 47 









500 


3 501 


5 502 


2 


















sign biased exponent (e) fraction (f) 


TBO01060 


The floating-point word is divided into three fields: a single-bit floating-point number is to be 2, the value of the biased 
sign, an 11-bit biased exponent, and a 52-bit fraction. exponent is a+ 1023, where "a'' is the true exponent. 


The fraction is a 52-bit unsigned fractional field containing the 
52 least-significant bits of the floating-point number's 53-bit 
mantissa. The weight of the fraction's most-significant bit is 
2-1. The weight of the least-significant bit is 2-°. 


The sign bit is 0 for positive numbers and 1 for negative 
numbers; zero may have either sign. 


The biased exponent is an 11-bit unsigned integer represent- 
ing a multiplicative factor of some power of two. The bias An IEEE floating-point number is evaluated or interpreted as 
value is 1023. If, for example, the multiplicative value for a follows: 
















If e = 2047 and f#0....... value = Reserved operand Not-a-Number 





If e = 2047 and f=0....... value = (-1)S0° Infinity 

If 0< ee < 2047.0... eee value = (-1)S2°- 1923(4 4) Normalized number 
lfe=0 and f#0O.. .. Value = (-1)82- 1022(9 4) Denormalized number 
If e=0 and f=0............ value = (-1)§0 Zero 


















Infinity: Infinity can have either a positive or negative sign. two ways: either generated by the Am29C327 to indicate an 

The interpretation of infinities is determined by the Affine/ invalid operation, or provided by the user as an input. A 

Projective select input AFF/PROJ. signaling NaN has the MSB of its fraction set to 0 and at least 
one of the remaining fraction bits set to 1. A quiet NaN has the 

NaN: A NaN is interpreted as a signal or symbol. NaNs are MSB of its fraction set to 1. 

used to indicate invalid operations, and as a means of passing 

process status through a series of calculations. They arise in 





The IEEE format is fully described in IEEE Standard 754. 





DEC Formats 
DEC F 


The DEC F word is 32 bits wide and is arranged in the format 
shown below: 





31 30 20 28 27 26 25 24 23 22 21 20 19 18 ae ee ee 
S| ahi ge g8. gt «B52: —gl 30 5 _ g g2t322 523 324 





sign biased exponent (e) fraction (f) 
TB001070 





The floating-point word is divided into three fields: a single-bit A DEC F floating-point number is evaluated or interpreted as 
sign, an 8-bit biased exponent, and a 23-bit fraction. follows: 

[Pe FOl 2 eieertaee. value # (-1)82°- 128, 14) 

lf s=0 ande=0. .. value = 0 

If s=1 and e=0......... value = DEC-Reserved Operand 
















The sign bit is 0 for positive numbers and 1 for negative 
numbers; zero has a positive sign. 





The biased exponent is an 8-bit unsigned integer representing 


a multiplicative factor of some power of two. The bias value is DEC-Reserved Operand: A DEC-Reserved Operand is inter- 

128. lf, for example, the multiplicative value for a floating-point preted as a signal or symbol. DEC-Reserved Operands are 

number is to be 2, the value of the biased exponent is used to indicate invalid operations and operations whose 

a+ 128, where ''a'' is the true exponent. results have overflowed the destination format. They may also 
hone : . i ? be used to pass symbolic information from one calculation to 

The fraction is a 23-bit unsigned fractional field containing the another. 

23 least-significant bits of the floating-point number's 24-bit 

mantissa. The weight of the fraction's most-significant bit is The DEC formats are fully described in the VAX Architecture 

2-2. The weight of the least-significant bit is 2-<". Manual. 
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DEC D 


The DEC D word is 64 bits wide and is arranged in the format 
shown below: 


63 62 61 60 59 58 57 56 55 54 53 52 51 
s | a! 98 98 o4 93 92 91 90 383.584 555 566 
sign biased exponent (e) fraction (f) 

TBO01080 


The floating-point word is divided into three fields: a single-bit A DEC D floating-point number is evaluated or interpreted as 
sign, an 8-bit biased exponent, and a 55-bit fraction. follows: 


The sign bit is 0 for positive numbers and 1 for negative value = (- 1)82°~ 1280.11) 
numbers; zero has a positive sign. 

value = DEC-Reserved Operand 
The biased exponent is an 8-bit unsigned integer representing 
a multiplicative factor of some power of two. The bias value is DEC-Reserved Operand: A DEC-Reserved Operand is inter- 
128. If, for example, the multiplicative value for a floating-point preted as a signal or symbol. DEC-Reserved Operands are 
number is to be 2°, the value of the biased exponent is used to indicate invalid operations and operations whose 
a+ 128, where ''a'' is the true exponent. results have overflowed the destination format. They may also 
be used to pass symbolic information from one calculation to 
another. 


The fraction is a 55-bit unsigned fractional field containing the 

55 least-significant bits of the floating-point number's 56-bit 

ares The weight of the fraction's most-significant bit is The DEC formats are fully described in the VAX Architecture 
. The weight of the least-significant bit is 2-56, Manual. 


DEC G 


The DEC G word is 64 bits wide and is arranged in the format 
shown below: 


63 62 6160 .. 54 53 52 51 50 49 48 47 


590 5! gee 593 


sign biased exponent (e) fraction (f) 
TB001090 


The floating-point word is divided into three fields: a single-bit A DEC G floating-point number is evaluated or interpreted as 
sign, an 11-bit biased exponent, and a 52-bit fraction. follows: 


ie -1024 
The sign bit is 0 for positive numbers and 1 for negative value = (~1)°2° (0.1f) 


numbers; zero has a positive sign. If s=0 and e=0 
If s=1 and e=0 value = DEC-Reserved Operand 

The biased exponent is an 11-bit unsigned integer represent- 

ing a multiplicative factor of some power of two. The bias DEC-Reserved Operand: A DEC-Reserved Operand is inter- 
value is 1024. If, for example, the multiplicative value for a preted as a signal or symbol. DEC-Reserved Operands are 
floating-point number is to be 2°, the value of the biased used to indicate invalid operations and operations whose 
exponent is a+ 1024, where ''a"’ is the true exponent. results have overflowed the destination format. They may also 
be used to pass symbolic information from one calculation to 


The fraction is a 52-bit unsigned fractional field containing the another. 


52 least-significant bits of the floating-point number's 53-bit 
He pesan The weight of the fraction's most-significant bit is The DEC formats are fully described in the VAX Architecture 
2. The weight of the least-significant bit is 2°83. Manual. 
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IBM Formats 
IBM Single-Precision 


The IBM single-precision word is 32 bits wide and is arranged 
in the format shown below: 


31 30 29 28 27 26 25 24 23 22 21 20 19 18 
8 pO 50 nt 8 oe ol 521 522 523 524 
sign biased exponent (e) fraction (f) 

TB001100 


The floating-point word is divided into three fields: a single-bit An IBM floating-point number is evaluated or interpreted as 
sign, a 7-bit biased exponent, and a 24-bit fraction. follows: 


The sign bit is 0 for positive numbers and 1 for negative value = (- 1)816°- 4(0,) 
numbers; a True-zero has a positive sign. 


The biased exponent is a 7-bit unsigned integer representing a Zero: There are two possible classes of representations for 

multiplicative factor of some power of 16. The bias value is 64. zero. Since there is no leading bit in the IBM format, the range 

If, for example, the multiplicative value for a floating-point of the IBM fraction is equal to or greater than zero and less 

number is to be 162, the value of the biased exponent is than one. If an operation causes the fraction of the result to 

a+64, where "a" is the true exponent. cancel exactly, then the result is a floating-point zero. A True- 
zero has a positive sign, a biased exponent of zero, and a 

The fraction is a 24-bit unsigned fractional field containing the fraction of zero. 

24 least-significant bits of the floating-point number's 25-bit 

mantissa. The weight of the fraction's most-significant bit is The IBM format is fully described in the IBM System/370 

2-1, The weight of the least-significant bit is 2-24. Principles of Operation Manual. 


IBM Double-Precision 


The IBM double-precision word is 64 bits wide and is arranged 
in the format shown below: 


63 62 61 60 59 58 57 56 55 54 53 52 51 50 


s | or =o .. 383.384 555 556 
sign biased exponent (e) fraction (f) 


TB001110 


The floating-point word is divided into three fields: a single-bit An IBM floating-point number is evaluated or interpreted as 
sign, a 7-bit biased exponent, and a 56-bit fraction. follows: 


The sign bit is 0 for positive numbers and 1 for negative value = (-1)816° ~ 40,4) 
numbers; a True-zero has a positive sign. 


The biased exponent is a 7-bit unsigned integer representing a Zero: There are two possible classes of representations for 

multiplicative factor of some power of 16. The bias value is 64. zero. Since there is no leading bit in the IBM format, the range 

If, for example, the multiplicative value for a floating-point of the IBM fraction is equal to or greater than zero and less 

number is to be 162, the value of the biased exponent is than one. If an operation causes the fraction of the result to 

a+64, where "a" is the true exponent. cancel exactly, then the result is a floating-point zero. A True- 
zero has a positive sign, a biased exponent of zero, and a 

The fraction is a 56-bit unsigned fractional field containing the fraction of zero. 

56 least-significant bits of the floating-point number's 57-bit 

mantissa. The weight of the fraction's most-significant bit is The IBM format is fully described in the-IBM System/370 

2-1. The weight of the least-significant bit is 2756, Principles of Operation Manual. 
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APPENDIX B— ROUNDING MODES 


The Am29C327 provides six rounding modes for floating-point 
operations, and for integer multiplication: 


Round to Nearest (Unbiased) 


The infinitely precise result of an operation is rounded to the 
closest representable value in the destination format. If the 
infinitely precise result is exactly halfway between two repre- 
sentations, it is rounded to the representation having a least- 
significant bit of zero. This rounding mode conforms to the 
"round to nearest'' mode described in the IEEE Floating-Point 
Standard. 


Round to Minus Infinity 


The infinitely precise result of an operation is rounded to the 
closest representable value in the destination format that is 
less than or equal to the infinitely precise result. This rounding 
mode conforms to the "round to minus infinity'’ mode de- 
scribed in the IEEE Floating-Point Standard. 


Round to Plus Infinity 


The infinitely precise result of an operation is rounded to the 
closest representable value in the destination format that is 
greater than or equal to the infinitely precise result. This round 
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mode conforms to the "'round to plus infinity'' mode described 
in the IEEE Floating-Point Standard. 


Round to Zero 


The infinitely precise result of an operation is rounded to the 
closest representable value in the destination format whose 
magnitude is less than or equal to the infinitely precise result. 
This rounding mode conforms to the ''round to zero" mode 
described in the IEEE Floating-Point Standard. 


Round to Nearest (Biased) 


The infinitely precise result of an operation is rounded to the 
closest representable value in the destination format. If the 
infinitely precise result is exactly halfway between two repre- 
sentations, it is rounded to the representation having the 
greater magnitude. This rounding mode is used by DEC VAX 
computers. 


Round Away from Zero 


The infinitely precise result of an operation is rounded to the 
closest representable value in the destination format whose 
magnitude is greater than or equal to the infinitely precise 
result. 


A graphical representation of these rounding modes is shown 
in Figures B1-1 and B1-2. 
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APPENDIX C — ADDITIONAL OPERATION 
DETAILS 


Differences Between IEEE Floating-Point 
Standard and Am29C327 IEEE Operation 


The IEEE floating-point standard recommends that a trapped 
overflow on conversion from a binary format return a result in 
that or a wider format, rounded to the destination format. The 
Am29C327 returns an operand in the destination format, 


Differences Between IBM 370 Floating-Point 
Arithmetic and Am29C327 IBM Operation 


For all arithmetic operations, the Am29C327 in general will 
produce a more precise result than the IBM 370. 


Differences Between DEC Floating-Point 
Arithmetic and Am29C327 DEC Operation 


The Am29C327 and DEC VAX floating-point formats contain 
identical information, but the sub-fields of the floating-point 
words are arranged differently: 


The Am29C327 DEC F format is: 
sign - bit 31 
exponent — bits 30 - 23 
mantissa — bits 22-0 


The Am29C327 DEC D format is: 
sign - bit 63 
exponent - bits 62 - 55 
mantissa — bits 54-0 


rounded to that format. Note that trapped operation is an 
optional aspect of the IEEE floating-point standard, and as 
such, is not necessary for compliance. 


The VAX format is: 
sign —-bit 15 
exponent - bits 14-7 
mantissa — bits 6-0, 
bits 31-16 


The VAX format is: 
sign —-bit 15 

exponent - bits 14-7 

mantissa — bits 6-0, 
bits 31-16, 
bits 47 - 32, 
bits 63 - 48 
bit 6 = MSB, 
bit 48 = LSB 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature -65 to + 150°C 
Ambient Temperature (Ta) 

Under Bias 
Supply Voltage to 

Ground Potential Continuous 
DC Voltage Applied to 
Outputs for HIGH State 
DC Input Voltage 
DC Output Current, Into Outputs 
DC Input Current 


-55 to +125°C 


-0.5 to +7.0 V 


-0.5 V to +Vcc Max. 
-0.5 to +5.5 V 






Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 










Parameter 
Description 


Parameter 
Symbol 


Output HIGH Voltage 


Output LOW Voltage 


DC CHARACTERISTICS over operating range unless otherwise specified 


Vcc 


VIN = 





OPERATING 


Commercial (C) Devices 
Temperature (Ta) 
Supply Voltage (Vcc) 

Min. ... 


RANGES 


0 to +70°C 
+5 V + 5% 






Military (M) Devices 
Temperature (Ta) -55 to +125°C 
Supply Voltage (Vcc) +5 V + 10% 

Mili icice tare veamess were iteianarastvonte os aegaditean athens +45 V 
IMAL sy vceatoandases Oe OAL RT aay 





Operating ranges define those limits between which the 
functionality of the device is guaranteed. 






Test Conditions 
(Note 1) 


= Min. 
Vit or Vin 


ViL = 0.8 V 


VIH = 


2.0 V 


loH = -0.4 mA 


Vcc 


VIN= 


= Min. 
Vit or Vin 


ViL = 0.8 V»., 


“| Min 2.0.V- 
“lot = 4.0 mA 





Input HIGH Level 
Input LOW Level 


Input Clamp Voltage 


Guaranteed Input Logical- 
HIGH Voltage for All Inputs 


Guaranteed {input 


Logical-LOW 


Voltage for All Inputs 


. Vec = Min. 
[tin =-18 mA 





Input LOW Current 





Te Voc = Max. 
| Vin = 0-4 V, 





Input HIGH Current 


Mec = Max. ¢ 
Vin = 


2.4.V- 








Input HIGH Current 


Off-State (High-lmpedance) Output 
Current 





Isc 


(Note 2) Output Short-Circuit Current 


ee 3) Power Supply Current 


Quiescent Power Supply Current 





Iocaa2 


(Note 5) Quiescent Power Supply Current 


Notes: 1. 
2. 
3. 


LOWs to assure the toggling of internal nodes. 
4. Vin = Vins VIN S Vit 
5. Vin 2 Voc - 0.2 V, Vin < 0.2 V 


Vec 


VIN = 


Vcc 


Vo=0V 
All Outputs 


= Max. 
5.5 V 





= Max. 
mA 







COM'L 
MIL 





mA 





For conditions shown as Min. or Max., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
Not more than one output should be shorted at a time. Duration of the short-circuit test should not exceed one second. 
Icc is measured with clock frequency = 8 MHz and with outputs disabled. Inputs should be presented with random logic-HIGHs and 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified 


[ne | _____ Parameter Beserion | Test Conaiions [win | Wax _[ Uni_| 
1 


CLK Period (Note 1) 


Flow-Through Mode 
Multiply-Accumulate 
All Other Operations 


Single-Pipelined Mode 
Multiply-Accumulate 
All Other Operations 


Double-Pipelined Mode 
Multiply-Accumulate 


CLK LOW Time 


Sux HIGH Tne ng 


Data/Instruction Hold Time 
Control Lines Setup Time 


Control Lines Hold Time 


Fo~31 CLK-to-Output-Valid 
F Register Clocked 


FLAG; —6 SIGN CLK-to-Output-Valid 
Register Clocked 


Fo-31 CLK-to-Output-Valid 
F Register Transparent 


Flow-Through Mode 
Multiply-Accumulate 
All Other Operations 


Single-Pipelined Mode 
Multiply-Accumulate 
All Other Operations 


Double-Pipelined Mode 
Multiply-Accumulate 


FLAG, -6 SIGN 
CLK-to-Output-Valid 
S Register Transparent 


Flow-Through Mode 
Multiply-Accumulate 
All Other Operations: 


Single-Pipelined M 
Multiply-Accumulate: 
All Other Operations 
Double-Pipélinéd) Mode 
Multiply-Accur 





























mulatée 
OEF, OES, Disabl 
HIGH =to : 


OEF, OES, Disable Time 
LOW.to Z 


OEF, OES, Enable Time 








FSEL to Fo_31 
MSERR Data-to-Valid Delay 
Notes: 1. CLK switching characteristics are made relative to 2.5 V. 


2. CLK rise time and fall time measured between 0.8 V and (Vcc~1.0 V). 
3. Data/Instruction signals include Ro~31, So-31, S/DR, S/DS, S/DF, RMo-2, PSELo-3, QSELo-3, TSELo~3 and 10-13. 


4. Control signals include ENR, ENS, ENF, ENRF, RFSELo—2, FSEL, ENI, OEF, and OES. 
Conditions: A. All inputs/outputs except CLK are TTL-compatible for Vi, Vit, and VoL. 


B. All outputs are driving 80 pF unless otherwise noted. 
C. All setup, hold, and delay times are measured relative to CLK at Vcc/2 volts unless otherwise noted. 
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SWITCHING TEST CIRCUITS 


Voc 


TC000421 


a 


TCRO1331 
A. Three-State Outputs B. Normal Outputs 


Notes: 1. CL =50 pF includes scope probe, wiring, and stray capacitances without device in test fixture. 
2. S1, Se, S3 are closed during function tests and all AC tests except output enable tests. 
3. S; and Sg are closed while So is open for tpzy test. 
4. CL = 5.0 pF for output disable tests. 
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SWITCHING TEST WAVEFORMS 


LOW HIGH-LOW 
PULSE 


ee 
= — 
HIGH-LO! 
1 
ov 


WFRO02970 WFR02790 

















Notes: 1. Diagram shown for HIGH data only. Output 
transition may be opposite sense. 
2. Cross-hatched area is don't care condition. 


Setup, Hold, and Release Times Pulse Width 





—___-__—- 3v 

SAME PHASE sv CONTROL, 
INPUT TRANSITION : INPUT 
ov 
‘PLH 

Vou 
OUTPUT 
OUTPUT NORMALLY 
Ww 

Vou 


PHL 
PLH PHL 





3v 
OPPOSITE PHASE OUTPUT 
INPUT TRANSITION m1 SV NORMALLY 
HIGH 

——_—_____— 0V 


WFRO02980 WFRO2660 


Notes: 1. Diagram shown for Input Control Enable-LOW 
and Input Control Disable-HIGH. 
2. $1, Se and Sg of Load Circuit are closed except 
where shown. 


Propagation Delay Enable and Disable Times 
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SWITCHING WAVEFORMS 
KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS 


MUST BE 
STEADY 


MAY CHANGE 
FROMH TOL 


MAY CHANGE 
FROML TOH 


DON’T CARE; 
ANY CHANGE 
PERMITTED 


DOES NOT 
APPLY 


OUTPUTS 


WILL BE 
STEADY 


WILL BE 
CHANGING 
FROMH TOL 


WILL BE 
CHANGING 
FROML TOH 


CHANGING; 
STATE 
UNKNOWN 


CENTER 
LINE IS HIGH 
IMPEDANCE 
“OFF” STATE 


KS000010 


Input Clock Timing 


45 


WF025010 





SWITCHING WAVEFORMS (Cont'd.) 


FLAG 
sion! s} 


WF025020 


Timing of Operations with F Register and Status Clocked. Assumes 32-Bit Bus, Single-Cycle, 
LSW-First Input Mode and Flow-Through Operation 
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SWITCHING WAVEFORMS (Cont'd.) 


aon eh 
K__K 


@—- 


"TaXeX 


® 


FUG 
IGN se} 
WF025030 


Timing of Operations with F-Register and Status Register in Feedthrough Mode. Assumes 32- 
Bit Bus, Single-Cycle, LSW-First Input Mode and Flow-Through Operation. 
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SWITCHING WAVEFORMS (Cont'd.) 


RFSEL9.0 


Register File Control Timing 


HIGH LEVEL 


LOW LEVEL 


Enable/Disable Timing for Fo- 34 
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WF025040 


WF025050 





SWITCHING WAVEFORMS (Cont'd.) 


HIGH LEVEL 
FLAGS, SIGN 


FLAGS, SIGN 
LOW LEVEL 


Enable/Disable Timing for FLAG;—¢ and SIGN 


WF025070 


Output Selection Timing 


MASTER/SLAVE ERROR 


pees 
Fo-31° ( 
FLAGS, 
SIGN 
eo |e 
MSERR / \ 


WF025080 


Master/Slave Timing (Assumes SLAVE Mode) 
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PHYSICAL DIMENSIONS* 
CGX169 


BOTTOM VIEW 
1.740 
1.780 


.075 x 45° REF. 1.600 BSC 
(REFERENCE CORNER) 
ABCOEF GH J KL MN P 


(> 000 00OOO OOOOH 
G@OOODHOODOHOOHOOO 
©OQOHOHHHOHHOOHOHHO 
©0600 
®©eOo 
OOS) 


.030 x 45° REFERENCE 
(3 PLACES) 


*For reference only. 
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